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(54) SEMICONDUCTOR ETCHING DEVICE 

(57)Abstract: 

PURPOSE: To provide an etching device by which fine etching can be 
performed without using a mask. 

CONSTITUTION: An etching device is provided with a quartz glass 
tube 14 that is connected with a stainless tube 18 coupled with an 
etching gas cylinder 23, a nozzle 1 1 made of carbon that is fixed on its 
tip, a heater 12 arranged around the nozzle, a shielding tube 15 for 
blocking radiation heat of the heater and nozzle, and a heat shielding 
plate 16 that is placed ahead of the nozzle and on which a hole for 
passing a gas is prepared. 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the schematic diagram of the 1 st example of this invention. 

[Drawing 2] It is drawing for explaining the etching approach using the equipment of drawing 1 . 

[Drawing 3] It is the partial schematic diagram of the 2nd example of this invention. 

[Drawing 4] It is the schematic diagram of the conventional etching system. 

[Description of Notations] 

1 1 Nozzle 

12 Heater 

13 Joint 

14 Quartz-Glass Tubing 

15 Thermal Shield Tubing 

16 Thermal Shield Plate 

17 Joint 

18 Stainless Steel Tubing 

19 Bellows Tubing 

20 Flange 

21 Leak Bulb 

22 Stop Valve 

23 Chlorine Bomb 

24 Sample 

201 GaAs (100) Substrate 

202 GaAs Buffer Layer 

203 GaN Thin Film 

204 Opening 

3 1 Nozzle 

32 33 Thermal shield tubing 
34 Skimmer 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the etching approach using the source of a heating 

molecular beam about the etching approach of a compound semiconductor. 

[0002] 

[Description of the Prior Art] There are some which are shown in drawing 1 as a source of a heating molecular beam 
for etching the conventional compound semiconductor. This etching system is arranged ahead of the nozzle which has 
the carbon tubing 41 with a bore of 2mm, the heater 43 twisted around the wrap glass tube 42 and the glass tube 42 in 
that outside, and the thermal shield plate 44 further arranged on that perimeter, and a nozzle, and has the heat insulator 
45 with which th'e hole with a diameter of 2mm is prepared. This etching system is prepared in vacuum devices (not 
shown), and it is arranged so that the substrate 46 introduced into these vacuum devices may be countered. 
[0003] In order to etch using this equipment, it is Si02 first to the front face of a substrate (here, it considers as a GaAs 
substrate) 46. Patterning of the film is formed and carried out and a mask is formed. As shown in drawing 1 , the 
substrate 46 in which this mask was formed is introduced into vacuum devices, and is installed in a position. And 
chlorine gas is introduced through the carbon tubing 41 . If the carbon tubing 41 is heated at about 800 degrees C at the 
heater 43 and the substrate 46 is also heated at about 120 degrees C at the heater 47 at this time, in opening of Si02 
film, the GaAs substrate 46 will be etched perpendicularly. 

[0004] such an etching approach - for example, N.W.Geis etc. -- Journal of Vacuum Science Technology B (5) 1987 

and P363 T.Ono etc. - Journal of Vacuum Science Technology B (9) It is reported to 1991 and P2798. 

[0005] 

[Problem(s) to be Solved by the Invention] In the conventional etching system, in order to use carbon tubing, etching 
gas cannot be narrowed down but there is a trouble that detailed processing cannot be performed. 
[0006] This invention aims at offering the etching system which can perform micro processing. 
[0007] 

[Means for Solving the Problem] In the semi-conductor etching system which according to this invention heats etching 
gas, irradiates a semi-conductor substrate front face, and etches this semi-conductor substrate The nozzle made from 
carbon connected to the glass tube and this glass tube for introducing said etching gas, Thermal shield tubing which 
interrupts the radiant heat from the heater which heats this nozzle, and said nozzle and said heater, The hole which 
passes said etching gas injected from said nozzle is formed, and the semi-conductor etching system characterized by 
having the thermal shield plate arranged between the tip of said nozzle and said semi-conductor substrate is obtained. 
[0008] 

[Example] Hereafter, the example of this invention is explained with reference to a drawing. The 1st example of this 
invention is shown in drawing 1 . The etching system of this example is arranged the nozzle 1 1 made from carbon 
which the 100-micrometer hole was able to open, the heater 12 attached in the perimeter of a nozzle 1 1, the quartz- 
glass tubing 14 connected with the nozzle 1 1 through joint 13, the thermal shield tubing 15 which interrupts a heater 12 
and the radiant heat from a nozzle 1 1, and ahead of a nozzle 1 1, and has the thermal shield plate 16 with which the hole 
with a diameter of 1mm was formed. Moreover, the quartz-glass tubing 14 is connected with the stainless steel tubing 
18 by joint 17. The stainless steel tubing 18 is projected outside from the inside of ultra-high-vacuum equipment (not 
shown) by the flange 20 equipped with the bellows tubing 19. And the chlorine bomb 23 is connected with this 
stainless steel tubing 18 through the leak bulb 21 and a stop valve 22. 

[0009] Next, how to etch the GaN film using the equipment of drawing 1 is explained also with reference to drawing 
2 . First, the GaAs (100) substrate 201 is introduced into ultra-high-vacuum equipment (refer to drawing 2 R> 2 (a)), 
and it is the natural oxidation film of GaAs substrate 201 front face As4 As heating removal is carried out under an 
ambient atmosphere and it is shown in drawing 2 (b) after that, it is triethylgallium (TEG) and As4. Substrate 201 front 
face was irradiated at coincidence, and the GaAs buffer layer 202 was grown up. Substrate temperature was made into 



k -580 degrees C at this time, next, the temperature of a substrate 201 — 640 degrees C — raising — a GaAs front face — 
Ga — after considering as a rich field, as shown in drawing 2 (c), dimethylhydrazine (DMHy) was introduced, and the 
GaN thin film 203 was formed in the front face. 

* [0010] Next, using the equipment of drawing 1 , as shown in drawing 2 (d), the heating chlorine beam (arrow-head => 
shows) was irradiated on the front face of this sample 24. The chlorine gas which came out of the chlorine bomb 23 
enters in ultra-high-vacuum equipment through the stainless steel tubing 18, and reaches a nozzle 1 1 through the 
quartz-glass tubing 17. And when passing through the hole of a nozzle 11, it is heated with the heat of a heater 12 by 
the elevated temperature of 300-1000 degrees C. at this time, it says at a heater 25 that a sample 24 is 50-200 degrees C 
(preferably 150 degrees C or less) — it is comparatively heated by low temperature. The thermal shield tubing 15 and 
the thermal shield plate 16 interrupt a heater 12 and the radiant heat from a nozzle 11, and a sample 24 is made not to 
be exposed to an elevated temperature. By choosing suitably whenever [ pressure / of chlorine gas /, and stoving 
temperature ], and, substrate temperature, as shown in drawing 2 R> 2 (e), only the field which irradiated the chlorine 
beam could be etched perpendicularly and opening 204 was able to be formed. 

[001 1] Thus, since the substrate was comparatively maintained at low temperature in this example using the chlorine 
beam heated to the elevated temperature, only the field where the chlorine beam was irradiated the case where the 
chlorine gas which is not heated is used, and like [ when heating a substrate even to an elevated temperature ] so that a 
substrate front face might not be etched on the whole in can be etched without a mask. 

[0012] In addition, although this example explained the example which etches the GaN film using chlorine gas, 
bromine system gas and fluorine system gas can also be used instead of chlorine gas. Moreover, other compound 
semiconductors, such as a GaAs oxide film, GaP and InP, and In As, can also be etched. Furthermore, if an electron 
beam (arrow-head -> shows to drawing 2 (d)) is irradiated beforehand, it will become possible gas, coincidence, or to 
etch using the gas of low-temperature low voltage. 

[0013] Next, the 2nd example of this invention is explained with reference to drawing 3 . The etching system of this 
example has the nozzle 3 1 which narrowed down the tip and set the path of a hole to 50nm or less as shown in drawing 
3 (a). This nozzle 31 is carbon, PBN, or metal. Moreover, this etching system has two thermal shield tubing 32 and 33, 
these tips are combined with the configuration of a nozzle 3 1, the tip is narrowed down, and in order to let chlorine gas 
pass to a point, the hole 50nm or less has opened. In addition, the thermal shield plate formed in the 1st example is 
removed. 

[0014] Since sufficient adiabatic efficiency is acquired by narrowing down a tip and making thermal shield tubing into 
a duplex, the tip of a nozzle 3 1 can be made to approach even the distance of lOnm or less to a sample (for example, 
GaAs substrate) in the etching system of this example. In addition, with this equipment, since it is difficult to control 
the direction of radiation of a gas beam, the exposure location of a gas beam is changed by making the sample base 
holding a sample movable. Thereby, although based also on the path of the hole of a nozzle, a detailed pattern 50nm or 
less can be formed. That is, in the etching system of this example, a heating chlorine beam can perform detailed 
processing without a mask on a substrate (for example, GaAs) taking advantage of the property in which only the part 
which hit directly is etched. 

[0015] Moreover, as shown in drawing 3 (b), even if it makes the skimmer 33 which has sufficiently small (50nm or 

less) opening approach a sample and installs it, a detailed pattern can be formed similarly. 

[0016] 

[Effect of the Invention] According to this invention, etching processing having no mask and detailed can be performed 
by being able to narrow down the path of a gas beam and making a nozzle approach on the surface of a substrate by 
replacing with carbon tubing and having used the carbon nozzle. 
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